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Introduction
The prevalence of type 2 diabetes mellitus is similar in Asian and Western countries even though the prevalence of obesity is lower in Asia [1] . The high incidence of diabetes in the relatively lean Asian population may be explained, in part, by the presence of more abdominal fat in Asians as compared with white people of similar body mass index (BMI) [2, 3] .
Non-obese Asians who have low pancreatic beta cell function are also at high risk for diabetes [4] [5] [6] . Dietary factors, such as higher dietary glycemic index in Asian compared to Western people [7] [8] [9] [10] [11] [12] [13] [14] , may also be associated with a higher risk of diabetes [14] .
age-adjusted models or models adjusted for lifestyle factors, such as smoking, alcohol drinking, and habitual exercise. In models with additional adjustment for BMI, the associations between eating speed and the incidence of diabetes were not significant. Body weight has also been reported to be associated with speed of eating [16] [17] [18] [19] [20] [21] . A fast eating speed might be associated with diabetes through its effects on body weight gain in a causal pathway, and adjustment for BMI could be an over-adjustment. Furthermore, higher BMI itself is a strong risk factor for type 2 diabetes, and it may be difficult to detect the effects of other risk factors beyond obesity.
In our baseline examination, fast eating was associated with a higher BMI and higher prevalence of obesity, which is consistent with previous studies [16 -21] . Difference in total energy intake could be one of the mechanisms underlying the relationship between eating speed and BMI. Fast eating may cause overeating before the stomach senses fullness due to a lack of satiety in the hypothalamic system [30] . However, in our study and a previous study that evaluated eating speed and total energy intake [18, 22] , a linear trend between eating speed and total energy intake was not observed although eating speed was linearly associated with BMI. A previous study indicated that relative under-reporting of energy intake increased with increasing BMI [31, 32] , which may have affected our results. Furthermore, eating speed was associated with BMI even after adjustment for total energy intake [18] , indicating that total energy intake may explain only part of the relationship between eating speed and BMI.
Another potential mechanism underlying the association is insulin resistance. A fast eating speed could lead to a higher blood glucose/insulin response. This increased response may cause insulin resistance, which was associated with abdominal fat gain in a prospective study [33] .
A previous study showed a significant positive association between eating speed and HOMA-IR in middle-aged Japanese men even after adjustment for BMI [22] . In our baseline examination, the variables associated with insulin resistance, such as triglycerides, fasting insulin, and HOMA-IR, were associated with eating speed in univariate models but not in BMI-adjusted models, and the association between eating speed and insulin resistance beyond obesity was controversial. The associations between eating speed and body weight have been evaluated by longitudinal studies [20, 21] as well as cross-sectional studies [16] [17] [18] [19] , and the overall evidence indicates that fast speed of eating would cause body weight gain. However, in the present and in a previous study, the association between eating speed and insulin resistance was evaluated cross-sectionally, and we could not evaluate the relationships beyond body weight changes. Laboratory studies have demonstrated that fast eating, or rapid nutrient delivery, increased serum insulin levels and decreased glucose disappearance rate [15] , which supports the hypothesis that fast eating may directly affect insulin resistance. Further study is needed to evaluate how the risk factors for diabetes related to eating speed, such as obesity, insulin resistance, and postprandial glucose metabolism, would affect one another and cause type 2 diabetes.
The strengths of this study include a relatively large sample size, and the fact that it was the first study to examine the relationship between eating speed and the incidence of diabetes.
Moreover, several previous cohort studies used information on incidence of diabetes collected from self-administered questionnaires, whereas our conclusions are based on more reliable data obtained from annual medical examinations and fasting blood glucose and HbA1c.There were some limitations to this study. First, the eating speed was self-reported, and it may not have reflected the objective speed of eating. However, some previous reports have shown that the validity and reproducibility of eating speed data as assessed by DHQ are good [17, 19] .
Furthermore, many participants in the present study could compare their speed of eating to those of other people because they usually ate lunch together at the staff canteen. Second, the sample included only people who were employed. Poor health may exclude some individuals from working; thus, the prevalence of diabetes may be lower in our sample than in the general Japanese population. Third, we did not determine whether the diabetes that developed was type 1 or type 2. However, the study participants were middle-aged men and, as the condition was detected in an annual medical check-up, with relatively mild diabetes being found, it is most likely that the cases were type 2 diabetes. Furthermore, this study was observational; an interventional study may provide us with additional information on the causal relationship between eating speed and diabetes mellitus.
In conclusion, the speed of eating was associated with incidence of type 2 diabetes in middle-aged Japanese men. The speed of eating is a controllable risk factor, and eating slowly could be an acceptable lifestyle intervention for the prevention of type 2 diabetes mellitus. Table 1 . Baseline characteristics of study participants according to speed of eating categories in 2,050 Japanese men b One-way analyses of covariance after adjusting for age and body mass index. Multiple logistic regression models were used for the analyses. The Cox proportional hazard model was used for the analyses.
